The occurrence of a haemoglobin polymorphism in a population of Anadara trapeia (Deshayes) from Gunnamatta Bay, Sydney (Nicol and O'Gower, 1967) , suggested studies might profitably be made on this polymorphism in other populations on the south-eastern coastline of Australia.
METHODS
Samples of A. trapezia were collected from seven populations along the south-eastern coast of Australia ( fig. 1 ) and were held in aerated aquaria until they could be bled. Haemoglobin solutions were prepared and subjected to electrophoresis as described by Nicol and O'Gower (1967) . The resultant patterns included two or three major bands, plus " trace" bands. The distribution of the major bands throughout the sample suggested a single, allelic, genetic mechanism. This hypothesis was tested by a chi-square test for " goodness-of-fit " of the gene frequencies of each of the seven samples of A. trapezia to the expected Hardy-Weinberg frequencies. The regression of gene frequencies for the five populations from Lake Burrill to Southport against latitudinal distance was calculated. The 95 per cent.
confidence interval for this regression included the gene frequencies of the populations at Mallacoota Inlet and Point Vernon. Therefore, the regression of the gene frequencies of all seven populations against the latitudinal distance was calculated.
RESULTS
The major electrophoretic haemoglobin bands labelled Hb1, Hb2a and Hb2b occurred in three patterns (patterns 1, 2 and 3; see fig. 2 with the corresponding chi-square values and probabilities for their "goodness-of-fit" to the Hardy-Weinberg Law. The regression of the gene frequencies for the seven sampled populations against latitudinal distance is T = OO9l4O7+OOOO418X (see fig. 3 ). Note that the scale on the X axis is roughly lO times the scale on the T axis. Hence the slope of the regression is at a definite angle to the X axis.
Discussiori
The "goodness-of-fit" between the observed frequency distribution of haemoglobin electrophoresis patterns of seven populations of A. trapezia and the expected Hardy-Weinberg frequencies (table 1) , strongly supports the hypothesis that a single allele controls the haemoglobin polymorphism (band 2 of fig. 2 ) (Nicol and O'Gower, 1967) . On this hypothesis the relationship between gene frequency for haemoglobin morph (table 1) The reversals in gene frequencies at each extreme of the dine ( fig. 3 ),
although not significant (0.10> P >0.05) are probably ecologically significant, for the straight part of the regression in fig. 3 , between Southport and Lake Burrill ( fig. 1 ) is correlated with the East Australian Current, which follows the coastline from Brisbane, between Point Vernon and Southport, to Eden, between Lake Burn!! and Mallacoota Inlet (Hamon, 1961) . The northern extreme of the dine, Point Vernon, lies in the complex tidal system of the Great Barrier Reef (Maxwell, 1968) which is characterised by current oscillations and vortices (Woodhead, personal communication). The southern extreme of the dine, Mallacoota Inlet, is marginally associated with the oscillating Bass Strait Current (Rochford, 1960) . That these three current systems, the Great Barrier Reef tidal current, the East Australian Current and the Bass Strait Current differ ecologically is reflected in the littoral faunas of these three regions (Bennett and Pope, 1953, 1960; Endean et al., 1956 
then moves eastwards towards New Zealand (Hamon, 1961) , it is apparent that the East Australian Current will form a temperature gradient along the east Australian coastline. Hence, the gradient in the gene frequencies of the electrophoretic haemoglobin patterns is also correlated with a water temperature gradient. Such a dine could be correlated with the physiological advantages of the haemoglobin morph relative to temperature, or the "haemoglobin genes" could be linked to other genes conferring other selective advantages on the animals. Consequently, it might be expected that the dine will reflect a differential either in the survival of the planktonic larval stages or the benthic adults to temperature (Kinne, 1964; Lewis, 1964; Moore, 1958) , or in the physiological advantages of the genotypes to temperature. These physiological advantages may either directly influence the population, e.g. gonad maturation (Lewis, 1964) , or such advantages may themselves enhance the abilities of the genotypes to survive other adverse environmental parameters, e.g. the effect of temperature on metabolic activity under osmotic stress (Kinne, 1964; Moore, 1958) . As haemoglobin is a respiratory pigment, the latitudinal gradient in the haemoglobin polymorphisms of A. trapeia could be correlated with the oxygen-binding properties of the haemoglobin morphs in relation to temperature (Manwell and Schlesinger, 1966; Naughton et al., 1963) . However, as A. trapeia is restricted to the shallow, quieter waters of bays, inlets and estuaries, where insolation could be great and where limited periods of osmotic stress could be encountered, and as the oxygen-carrying capacity of water varies with both temperature and salinity (Kinne, 1964; Richards, 1957) , the relationship between the environment and the oxygen-binding capacities of the three haemoglobin morphs could be quite complex. Studies on the effects of temperature, carbon dioxide, pH and ionic environment on the oxygen dissociation curves of the three haemoglobin types are at present being made to determine whether the latitudinal dine is correlated with the oxygen-binding properties of the three haemoglobin morphs of A. trapeia.
As the East Australian Current flows southwards, any gene flow between populations of A. trapezia must also be in a southwards direction, but, as each population is restricted to tidal estuarine bays, some inbreeding must occur. Hence the gene frequency of each population is the end-result of genotype advantage to some measure of water temperature and limited southwards gene flow between populations. It can therefore be postulated that populations in regions of oscillating currents should have similar gene frequencies due to omnidirectional gene flow. Populations in the Great Barrier Reef tidal system and in the Bass Strait Current system are at present being sampled for determination of their gene frequencies.
That the gene frequencies of populations can vary with time over succeeding generations is apparent (Petras, 1967) , and as the gene frequencies of the populations in the dine of A. trapezia were determined from individuals of varying ages, this effect must also be studied. As it is apparent that sample size influences the variance ofany gene frequency determination, the optimum sample size should also be determined. The influence of these two variables on gene frequency are at present being studied. However, in this investigation the populations of A. trapezia were so far apart that sampling variability could not greatly affect the dine in gene frequencies, but it is apparent that the 95 per cent. confidence intervals do overlap for some adjacent popula-A. K. O'GOWER AND PATRICIA I. NICOL tions. Also in progress are studies on the gene frequencies of populations of A. trapezia from localities between those selected in the present study ( fig. 1 ) to determine the effect of distance on gene frequency.
5. SUMMARY 1. The "goodness-of-fit" of haemoglobin polymorphisms of seven populations of A. trapezia to the Hardy-Weinberg Law indicates that this polymorphism is very probably controlled by a single allele.
2. The regression of gene frequencies for the haemoglobins on latitudinal distance follows a latitudinal dine which is mainly correlated with the East Australian Current.
3. The reversals in gene frequencies at the northern and southern extremes of the dine are probably correlated with the Great Barrier Reef tidal current system and the Bass Strait Current system respectively.
